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Abstract
The study aimed to determine clinical presentation, contributing factors, medical and surgical management, and outcome of 
patients with coronavirus disease 2019 (COVID-19)-associated mucormycosis (CAM). A cross-sectional, single-center study 
was conducted on patients receiving multidisciplinary treatment for mucormycosis following the second wave of COVID-
19 pandemic from April to June 2021 in India. Clinicoepidemiological factors were analyzed, 30-day overall survival and 
disease-specific survival were determined, and t-test was used to determine the statistical significance. A total of 215 patients 
were included in the study, the cases were stratified into sino-nasal 95 (44.2%), sino-naso-orbital 32 (14.9%), sino-naso-palatal 
55 (25.6%), sino-naso-cerebral 12 (5.6%), sino-naso-orbito-cerebral 16 (7.4%), and sino-naso-orbito-palato-cerebral 5 (2.3%) 
based on their presentation. A multidisciplinary team treated patients by surgical wound debridement and medical therapy 
with broad-spectrum antibiotics and amphotericin B. Across all disease stages, cumulative 30-day disease-specific survival 
is 94% (p < 0.001, intergroup comparison, Breslow (generalized Wilcoxon) CI 95%) and overall 30-day survival is 87.9% 
(p < 0.001, intergroup comparison, Breslow (generalized Wilcoxon) CI 95%) (censored). Early identification, triaging, and 
proper multidisciplinary team management with systemic antifungals, surgical debridement, and control of comorbidities 
lead to desirable outcomes in COVID-associated mucormycosis. The patients with intracranial involvement have a higher 
chance of mortality compared to the other group.
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Introduction

COVID-19 is one of the most severe and crippling pandem-
ics that humanity has faced in recent times. The B.1.617.1 
variant has rapidly spread throughout India and several other 
countries throughout the world [1]. SARS CoV2 has signifi-
cantly affected people with comorbidities, specifically dia-
betes, chronic kidney disease, hypertension, etc. Also, there 
is a stark rise in the usage of steroids and immune modula-
tors to curtail the collateral damage by the immune system 
on the pulmonary parenchyma. This led to the outbreak of 
new opportunistic infection mucormycosis, mainly in the 
post-COVID patients. These secondary fungal infections or 
coinfections are critical challenges increasing the patient’s 

morbidity and mortality. India has reported the highest num-
ber of mucormycosis cases globally, especially following the 
second wave of the pandemic. Before this surge, the esti-
mated prevalence of mucormycosis in India is seventy times 
more than in the other nations [2]. It is a known fact that 
diabetes mellitus, ketoacidosis, and steroid use predispose to 
opportunistic infections. Along with this, COVID-19 forms 
the unholy trinity of risk factors.

Nearly twenty-eight thousand cases, with almost three 
thousand deaths all over India, have been reported [3]. 
Owing to the rapid surge in patients, mucormycosis was 
declared an epidemic by the Government of India. This 
article discusses the clinicoepidemiologic characteristics of 
mucormycosis and its multidisciplinary team management 
as a fallout of COVID-19.
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Methods

The study is a prospective, single-center, interventional 
study at All India Institute of Medical Sciences, Raipur, 
Chhattisgarh, India. This cross-sectional study has 
included the patients with a proven or suspected diagnosis 
of mucormycosis in a COVID-positive or suspect COVID 
disease individual during the pandemic and the accrual 
was done on admission. A total of two hundred and fifteen 
patients admitted and treated at our center from 1st May 
to 15th July 2021 were included in the data analysis. A 
detailed proforma to record the demographic data, clini-
cal presentation, investigations, points in pathogenesis, 
and pathogenesis of the management in each patient. The 
data analysis was performed using IBM SPSS Statistics 
for Windows, Version 25.0. Armonk, NY, IBM Corp. The 
Institutional Research Cell approval was obtained for the 
study under reference OW/RC/AIIMS-RPR/2021/571 
dated 27th May 2021. A detailed workflow is attached as 
Supplement sheet 1 (Workflow).

The patients were planned for appropriate surgical 
debridement as per the disease stage. Supplement Table 1 
describes the surgical plan according to the disease stage. 
Following ablative surgery, a definitive permanent recon-
struction procedure was deferred due to the possibility of 
disease recurrence and contaminated surgical field. A tem-
porary palatal obturator was placed based on the Aramany 
classification for the palatal defects. The sino-nasal cavity 
was tightly packed with povidone iodine-soaked ribbon 
gauze, which was removed after 48 h. The anesthetists 
faced issues such as post-COVID fibrotic lungs, impaired 
ventilation and perfusion, electrolyte imbalance, auto-
nomic dysfunction, renal dysfunction, stress cardiomyo-
pathy, post-COVID thromboembolism, and intraoperative 
hypotension. High-risk patients were started on a prophy-
lactic dose of low molecular weight heparin from the 1st 
postoperative day to reduce the incidence of thromboem-
bolism [4]. The patients were started on isotonic saline 
nasal douching to clear the slough and debris upon nasal 
pack removal. Extensive nasal crusting was debrided in 
the minor operation theater. Early recovery after surgery 
(ERAS) guidelines were strictly followed. All patients 
received pulmonary conditioning exercises, incentive 
spirometry, and chest physiotherapy. The patients were 
considered for discharge if they were clinically stable 
with reasonable control of comorbidities, completed their 
target dosage of amphotericin B, and had no radiologi-
cal evidence of disease. The patients were prescribed oral 
posaconazole tablets at the discharge time, 600 mg loading 
dose on the first day, followed by 300 mg once daily for 
2 to 3 weeks.

Results

A total of two hundred and fifteen patients were admitted for 
the suspicion of mucormycosis following COVID-19. A total 
of one hundred eighty-eight patients (87.4%) were diagnosed 
with mucormycosis by KOH mount (fungal elements/broad 
aseptate hyphae). Only 25% were culture-positive due to 
antifungal initiation. Rhizopus species were isolated in 79% 
of cases, followed by Lichthemia 13% and Apophysomyces 
5%. Refer to Supplement Table 2 for descriptive statistics.

Disease Staging and Surgery

Based on the disease presentation, the mucormycosis was 
classified as sino-nasal 95 (44.2%), sino-naso-orbital 32 
(14.9%), Sino-naso-palatal 55 (25.6%), sino-naso-cere-
bral 12 (5.6%), sino-naso-orbito-cerebral 16 (7.4%), and 
sino-naso-orbito-palato-cerebral 5 (2.3%) for effective dis-
ease stratification and surgical planning (Supplement Fig. 1).

One hundred and ninety patients have been operated 
(Supplement Fig. 2); a combined (open and endoscopic) 
approach was commonly used for adequate exposure and 
disease clearance. The combined approach was utilized due 
to disease in the maxillary wall with accompanied bony or 
soft tissue involvement. A purely endoscopic approach was 
considered in patients with limited disease, which was ame-
nable for complete clearance via endoscopic approach. The 
debridement entails at least medial maxillectomy (for all 
sino-nasal cases), infrastructure maxillectomy (for palatal 
involvement), and a palatal obturator was placed to recon-
struct the defect. Medial maxillectomy with orbital exentera-
tion was performed in cases with orbital involvement. The 
frontal or frontoparietal craniotomy or transnasal approach 
was utilized for intracranial debridement, along with intra-
operative CSF leak repair (if necessary) with tissue glue and 
knitted collagen (see Supplement Photographs).

Intraoperative Observations

Maxillary sinus was the most affected sinus in our series 
(70%), followed by ethmoids (60%), sphenoid (40%), and 
frontal (12%). The majority of patients (60%) had more than 
one sinus involvement. Middle turbinate was most involved 
(65%), followed by inferior turbinate (20%) and, lastly, supe-
rior turbinate (5%).

Palatal involvement was seen in sixty cases, of which 
palatal/gingivobuccal bulge along with loosening of teeth 
was the most common finding, followed by palatal perfo-
ration with debris noticed in the oral cavity 15.7%. Only 
eight (3.7%) patients had cheek skin involvement. Twenty-
two patients had involvement of pterygopalatine fossa. In 
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nineteen patients, osteomyelitis of maxillary bone was seen; 
in twelve patients, pale nonbleeding sequestrum was found. 
Infratemporal fossa involvement was seen in fourteen (6.5%) 
patients. Figure 1 depicts the various routes of spread of 
mucormycosis into the orbit and brain.

Intraoperative CSF leak repair with knitted collagen 
matrix with tissue glue was done in sixteen patients. Oph-
thalmic findings included ptosis (twelve patients, out of 
these twelve, one had bilateral ptosis), proptosis (thirteen 
patients), restricted eye movements, abnormal or absent 
pupillary reaction, vision deterioration, or vision loss (three 
patients with bilateral complete vision loss). The various 
causes of vision loss included fungal corneal ulcer (two 
patients), CRAO (five patients, in two bilateral), orbital apex 
syndrome (fifteen patients), cavernous sinus thrombosis 
(seven patients), and optic neuritis (six patients). Complete 
ophthalmoplegia was seen in fifteen patients.

In our study, intracranial involvement in the frontal lobe 
was seen in nine patients and the anterior part of the medial 
temporal lobe in seven patients. Cavernous sinus involve-
ment was seen in seven patients. Facial nerve involvement 
was seen in twelve patients due to skull base involvement.

Table 1 shows the correlation of the disease stage with 
the intraoperative finding.

Only two out of one hundred and ninety operated patients 
(0.93%) had craniotomy wound infection, managed by 
wound exploration under local anesthesia (Clavein Dindo 
Grade IIIa), with complete resolution following exploration. 
None of the other patients had any postoperative surgical 
site complications.

Cumulative 30-day disease-specific survival is 94% 
(p < 0.001, intergroup comparison, Breslow (generalized 
Wilcoxon) CI 95%) and overall 30-day survival is 87.9% 

(p < 0.001, intergroup comparison, Breslow (general-
ized Wilcoxon) CI 95%) (censored). The terminal stage 
sino-naso-orbito-palato-cerebral was the deadliest with an 
overall mortality of 80% and disease-specific mortality of 
60%, followed by sino-naso-orbito-cerebral and sino-naso-
cerebral with an overall mortality of 37.5% and 41.7%, 
respectively, and 18.7% and 25% dying due to disease. Our 
study also shows that cerebral involvement leads to higher 
rates of death due to disease. The least mortality was seen 
with sino-nasal disease, with an overall mortality of 3.2% 
and none dying due to disease.

Table 2 describes the stagewise 30-day disease-specific 
and overall survival. The Kaplan–Meier survival plots are 
depicted in Fig. 2 Disease-specific survival and Fig. 3 Over-
all Survival.

A total of eight patients have cerebral infarction due 
to vascular invasion; three had infarct preoperatively and 
five postoperatively. Haemorrhagic infarct was seen in two 
patients, and ischemic infarct was seen in six patients. One 
patient postoperatively developed ascites, and an ascitic fluid 
tap suggests mucormycosis. Six patients had fungal menin-
gitis due to dural invasion.

Discussion

Mucormycosis is usually limited to severely immunocom-
promised people, including those with diabetes mellitus. 
Risk factors for mucormycosis include immunosuppres-
sion and long-term treatment with corticosteroids. Because 
mucoromycetes grow best in acidic, high-glucose environ-
ments, diabetes, primarily if poorly controlled or compli-
cated by ketoacidosis, is also a significant risk factor [5]. Its 

Fig. 1  Routes of spread. Panel A 1, into the orbit via anterior 
ethmoids and lamina papyracea; 2, into the orbit via erosion of supe-
rior maxillary wall; 3, into the orbit via floor of the frontal sinus; 
4, intracranial spread via erosion of cribriform and frontal roof; 5, 
intracranial extension via erosion of orbital roof. Panel B 6, into the 

orbital apex and optic nerve via the posterior ethmoids; 7, intracranial 
and cavernous sinus extension via sphenoid erosion; 8, intracranial 
extension via superior orbital fissure; 9, intraorbital extension via ero-
sion of lateral orbital wall from the disease in the infratemporal fossa
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histopathological hallmark is the invasion of blood vessels, 
vasculotropism, leading to necrosis.

It is pertinent to note that the same treatment strategies 
were followed during the first COVID-19 wave last year, and 
there was no surge of cases during the first wave in contrast 
to the rising number of patients in a short period during the 
current second wave. It is also interesting that mucormycosis 
has not affected our neighboring countries in the subconti-
nent with the same clinical milieu and socioeconomic fac-
tors. Even in India, there is much regional variation in the 

presentation of the disease, and it substantially differs from 
the pre-COVID mucormycosis.

The actual case tally may be the tip of the iceberg, as 
the mucormycosis may not be detected in the fungal Koh 
swab every time [6]; adequate sampling from the appropri-
ate region is necessary to get accurate results. More clini-
cal suspicion must be maintained in all patients presenting 
with high-risk signs and symptoms. Certain institutes also 
consider this fungus as the etiological factor in patients with 
high-risk symptoms, signs, and predisposing factors.

Table 1  Stagewise clinical correlation

Panel 1A fungal debris in osteomeatal complex, 1B necrotic and black middle turbinate, 1C pus discharge in nasal cavity. Panel 2A palatal 
bulge, 2B palatal perforation with fungal debris, 2C gingival ulceration. Panel 3A orbital cellulitis, 3B frozen globe with pus discharge, 3C 
proptosis and chemosis. Panel 4A fungal debris lateral to middle turbinate, 4B preseptal cellulitis with obtundation. Panel 5A cutaneous involve-
ment, 5B and 5C bilateral paralytic ptosis. Stage sino-naso-orbito-palato-cerebral presents with a combination of sino-naso-orbito-cerebral and 
sino-naso-palatal stages
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Mucormycosis is a ubiquitous organism; the nasal cavity 
is the obvious point of entry. The disease typically begins in 
the nose and progresses to the paranasal sinuses, orbit, cri-
briform plate, meninges, and brain through direct extension 
and intravascular propagation. When dealing with highly 
immunocompromised individuals, the practitioner must have 
a high index of suspicion for the disorder. It is critical to 
recognize early warning signs and symptoms. The high-risk 
features are described in the workflow part.

Over 90% of our patients had an immediate history of 
COVID-19 pneumonia following the second wave of the 
pandemic. Around 88% of these individuals were treated 
with steroids to curtail the collateral immune-mediated 
pulmonary injury. Nearly 91% of the patients had diabetes, 
either previous long-standing or steroid-induced diabetes 
mellitus.

The most common symptoms of infection include non-
specific headaches, face pain, lethargy, dental discomfort, 
facial puffiness, decreased vision, and proptosis. Fever can 
suggest a more severe illness; however, the fever could be 
related to COVID-19 pneumonia during this pandemic. Loss 
of smell cannot be attributed to sino-nasal mucormycosis; 
it may be due to COVID-19. Ptosis, chemosis, proptosis, 
orbital pain, and vision loss indicate loss of function of 
the second, third, fourth, and sixth cranial nerves. There 
have been isolated case reports of facial nerve palsy [7], 
cavernous sinus thrombosis [8], and abducent nerve palsy 
[9] following mucormycosis. Nasal endoscopy is the first 
line of appropriate evaluation for high-risk patients, allow-
ing for detecting changes in mucosal color (dusky blue to 
gray or black), mucosal texture (presence of slough, crust-
ing, or ulceration), fungal debris, and mold growth. There 
may be diminished mucosal sensation or reduced bleeding 
during endoscopy due to early invasion and vasotropism; 
this should raise red flags for the clinician [10]. In a study 
by Gravesen, up to 80% of individuals had crusting in the 
nasal cavity [11].

The involvement of the palatine arteries can cause uni-
lateral ulceration and perforation of the hard and soft pal-
ates as described by Gillespie [10]; along with this mode of 
presentation, our patients also had subtle, hard palate bulge 
to perforation of the hard palate with necrotic debris hanging 
out of it (Table 1).

Mucormycosis usually affects the nose and paranasal 
sinuses; the disease can spread via direct extension or by 
hematogenous spread. We have identified the following 
pathways of spread which correlates with the description 
provided by Hossieni and colleagues [12].

Table 2  30-day disease specific and overall survival (stagewise)

SN sino-nasal, SNO sino-naso-orbital, SNP sino-naso-palatal, 
SNC sino-naso-cerebral, SNOC sino-naso-orbito-cerebral, SNOPC 
sino-naso-orbito-palato-cerebral

Disease stage Total cases 30-day disease-spe-
cific survival (DSS)

30-day 
overall 
survival

SNOPC 5 40% 20%
SNC 12 75% 58.3%
SNOC 16 81.3% 62.5%
SNO 32 90.6% 84.4%
SNP 55 98.2% 94.5%
SN 95 100.0% 96.8%
Overall 215 94% 87.9%

Fig. 2  Kaplan–Meier 30-day 
disease-specific survival
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Into the Orbit

1. Mainly from the ethmoidal air cells, it infiltrates laterally 
through lamina papyracea into the medial aspect of the 
extraconal part of orbit (Fig. 1).

2. By erosion of frontal sinus floor into superior part of the 
orbit.

3. Infiltration of maxillary sinus roof to orbit and perineu-
ral spread along the infraorbital nerve.

4. The disease reaches the orbital apex via posterior 
ethmoids, sphenoid sinus erosion, and further spread 
from the extraconal part of the orbit.

5. Erosion of sphenoid sinus wall to the cavernous sinus 
and both sides optic nerves.

Into the Brain

1. Direct spread to the brain occurred through the roof of 
the ethmoid and cribriform plate to skull base to basi 
frontal lobe.

2. Disease tracking along the orbital apex into the cavern-
ous sinus.

3. Through maxillary sinus via infratemporal fossa to 
skull base to the temporal lobe and additionally through 
hematogenous spread.

The mucormycosis may lead to disseminated fungemia 
and lodgement into other visceral organs due to hematog-
enous spread. Disseminated mucormycosis typically has a 
dismal prognosis [13].

Patients with mucormycosis that is restricted to the nasal 
cavity have a greater survival rate. The disease is more 
susceptible to complete endoscopic surgical resection if 

detected at this time [10]. Because antifungal medication 
alone will not suffice, all grossly diseased tissue must be 
excised. Debridement should be repeated until a healthy tis-
sue margin is found, and it should be done at regular inter-
vals, if necessary. Sinus surgery, wide resection of necrotic 
soft tissue and bone, and exenteration of the orbit, if neces-
sary, are examples of more comprehensive surgical treat-
ments [14, 15] (Supplement Table 1).

Whether to perform orbital exenteration is perhaps the 
most challenging in the management of orbital mucormy-
cosis. Complete ophthalmoplegia, varying degrees of prop-
tosis, cranial nerve involvement, and central retinal artery 
occlusion indicate orbital exenteration [16].

Negative margins and long-term survival are rarely 
achieved with aggressive surgical debridement to remove 
disease outside the sino-nasal cavity [10]. According to the 
available literature, patients with intracranial extension are 
less likely to react to radical surgery, and their prognosis is 
poor [17]. However, if surgery is done early on, the chances 
of survival increase significantly [10]. Patients should be 
appropriately counseled regarding the dismal progno-
sis before undergoing radical surgery. Refer to Supplement 
sheet 2 for our hypothesis on raise in mucormycosis.

It is well established that the management of comor-
bid conditions is crucial in the successful management of 
mucormycosis. It is also the single most crucial factor deter-
mining the overall prognosis of the patient [18]. Hypergly-
caemia and acidosis are likely to have a role in diabetes mel-
litus patients’ susceptibility to rhinocerebral mucormycosis. 
The acidic environment is supposed to cause phagocytic 
impairment and decrease blood iron-binding capacity [18].

Liposomal amphotericin B is the first-line drug of 
choice for managing invasive mucormycosis, supported by 

Fig. 3  Kaplan–Meier 30-day 
overall survival
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level 1 evidence [19]. Conventional amphotericin B is con-
sidered an alternative to liposomal due to its high nephro-
toxicity. Our patient’s hypokalemia was most commonly 
seen in 35% of individuals, followed by infusion reactions 
and asymptomatic rise in serum creatinine, similar to the 
Italian cohort [20]. A recent systematic review by Cornely 
and colleagues provides dose recommendations for various 
stages of mucormycosis [19]; in general, for uncompli-
cated invasive mucormycosis, the dose is 3 to 5 mg/kg/
dose. The dosage for CNS involvement is a bit controver-
sial; certain animal studies have shown better responses 
with up to 10 mg/kg/dose [21]. At this dose, there is a 
substantial risk of renal injury. As per the AMBILOAD 
trial [22], such higher preparation does not improve the 
overall outcome compared to the conventional dosing. 
Before amphotericin B dosage, factors such as existing 
diabetic and hypertension-induced nephropathy must be 
kept in mind. There is no strict consensus on the dura-
tion and the target dosage of amphotericin B therapy [23]. 
Based on our institutional expert multidisciplinary team 
recommendations, we have titrated the target dose based 
on the extent of the disease, comorbidities, and response 
to therapy.

Posaconazole alone is the second line of drug and can 
be used as salvage therapy following the amphotericin B 
therapy [19].

There is a severe shortage of liposomal amphotericin 
due to the emergence of mucormycosis during the second 
wave of the COVID-19 pandemic. In this unique and chal-
lenging situation, oral posaconazole loading dose (600 mg/
day) followed by salvage dose (300 mg/day) was provided 
along with amphotericin B in uncomplicated cases to pro-
vide a higher dose of amphotericin B to complicated cases. 
The combination of polyenes with azoles are supported by 
limited in vitro [24] and clinical studies [25, 26].

Multiple case series have shown that prognosis in a 
patient with diabetes is superior when compared to immu-
nodeficiencies and malignancies [15, 27]. This would 
explain the better prognosis among our patients (12.1% 
overall mortality) along with early debridement and medi-
cal management, and the long-term prognosis is yet to be 
established. In a recent systematic review, 80% mortality 
was seen with CNS involvement [28]; in our series, 45.4% 
mortality is seen in individuals with CNS involvement. 
We want to propose further stratification for CNS involve-
ment which would accurately predict mortality. Among the 
patients who have survived the CNS, debridement has the 
minimal or early invasion of the dura and brain.

On the other hand, localized sino-nasal lesions have 
a lower fatality rate because of earlier  identification 
and  surgical debridement [19]. Early diagnosis and 
implementation of multidisciplinary treatment strategies 

for aggressive medical and surgical debridement are asso-
ciated with improved survival [29].

Conclusion

The sino-nasal variety is the most common type of COVID-
19-associated mucormycosis and has the best prognosis; the 
patients with intracranial involvement have a higher chance 
of mortality than the other groups. Well-controlled studies 
must confirm a potential therapeutic option of combination 
therapy with polyenes with azoles. Early identification, tri-
aging, and proper multidisciplinary team management with 
systemic antifungals, aggressive surgical debridement, and 
control of comorbidities will lead to desirable outcomes.
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